SUMMARY Blood flow to the head and arms was measured by a new volumetric Doppler technique in 30 preterm infants and 10 full term infants. At least 80% of this blood flow is considered to perfuse the brain. At the same time mean blood velocity in the middle and anterior cerebral arteries was measured by Duplex Doppler scanning. While blood flow to the head and arms remained substantially constant in both groups over the first 48 hours of life (60 ml/100 g brain weight/min), blood velocity doubled in both cerebral arteries in the preterm group. The term infants had higher blood velocities in both arteries at all times, but the velocities also increased over 48 hours, although to a lesser extent than in the preterm group. These findings imply that the major intracranial arteries are themselves vasoactive, being dilated at birth and subsequently constricting, possibly as an autoregulatory response to rising arterial blood pressure. While vasodilated, the cerebral arteries will be less efficient at damping pressure transients, placing preterm infants at particular risk of periventricular haemorrhage during the early hours of life. The implications for possible approaches to the prevention of cerebral haemorrhage are discussed.
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Despite extensive investigation, the physiological and pathological mechanisms underlying both cerebral haemorrhage and ischaemia in the preterm newborn infant remain controversial. The common observation of a high incidence of periventricular haemorrhage during the first 48 to 72 hours of life' 2 and the relative rarity thereafter, irrespective of the severity of later illness, has led to the hypothesis that susceptibility to haemorrhage and possibly cerebral ischaemia is related to the process of cardiovascular adaptation to extrauterine life. In this study we investigated the dynamics of the cerebral circulation in both full term and preterm infants during the first 48 hours of life.
Doppler techniques may be used to measure the velocity of blood within the anterior and middle cerebral arteries through either the anterior fontanelle or the thin bone of the newborn infant's skull.3 4 Although under experimental conditions and in animal models mean velocity in the anterior cerebral arteries has been shown to correlate with cerebral blood flow, the use Doppler signals from the ascending aorta were obtained in the substernal four chamber view where an oblique Doppler angle allows more even sampling across the vessel diameter than is possible using the suprasternal approach. Signals from the preductal descending aorta were obtained in the long axis view from the suprasternal or left supraclavicular window.
The instrumentation used was a Duplex scanner (ATL Mk 600, ATL, Bellevue, Washington State) with 5 MHz Doppler flowmeter directly interfaced to a microcomputer (Apple Ile). The Duplex system uses the real time image for identification of the vessel, precise placement of the discrete Doppler sample volume, and measurement of the Doppler angle. The digitally encoded Doppler spectrum is stored in computer memory. Here noise is removed by thresholding before computing mean and maximum frequency shift contours, which are stored on disc and used for calculation of flow variables. The system allows about 3*5 seconds of Doppler signal to be collected, corresponding to four to eight cardiac cycles.
Errors in Doppler assessment of volume flow may be both random and systematic. The random errors resulting from inaccuracy in determination of the vessel size and Doppler angle may be reduced by taking the mean of several measurements at each site. In most cases a minimum of four observations were made. Systematic errors largely arise from preferential sampling of the central stream velocity in larger arteries and have been minimised by laboratory calibration of the system over a range of vessel diameters using a pulsatile flow rig.
Measurements of the velocities in the anterior and middle cerebral arteries were made with a similar technique, using a transfontanelle approach in the former case and a temporal approach for the latter, a near zero Doppler angle being achieved in each case. Arterial blood pressure in the preterm group was measured non-invasively using the oscillometric method (Sentry Automated Blood Pressure Monitor, Automated Screening Devices Inc, California), with the cuff placed whenever possible on the right arm. Doppler and blood pressure measurements were made at fixed intervals after birth-between 1 and 2 hours and at 12, 24, and 48 hours. Infants in the preterm group also had measurements made at 6 hours.
The results were analysed using paired and unpaired t tests (two tailed) for velocity and blood pressure data and Wilcoxon signed ranks, matched pairs, or Mann-Whitney U tests as appropriate for volumetric data (also two tailed).
Informed parental consent was obtained for this study.
Results
Velocity. In both the middle and anterior cerebral arteries of the preterm infants there was a progressive increase in velocity over the first 48 hours of life ( Figures 1 and 2) ; at 48 hours the velocities were about double those shortly after birth (p<0-001 for each artery). A similar but less pronouced change was seen in the term infants (significantly only for the anterior cerebral artery, p<0-01). At each age studied the velocities in the term infants were significantly higher than in the preterm infants.
Blood flow to head and arms. In contrast there were no significant differences in blood flow to head and arms per 100 g brain weight over this period in either the preterm or term groups ( Arterial blood pressure. Mean arterial blood pressure increased progressively in the preterm infants ( Table 2 ). The differences were significant at 24 and 48 hours (p<0(-1).
Discussion
The values of 46-S51 ml/l10 g brain weight/min were well within the wide range of values for cerebral blood flow measured using other techniques,'3 and the similar values obtained in both term and preterm infants lends credence to this Doppler method. The group.bmj.com on October 29, 2017 -Published by http://adc.bmj.com/ Downloaded from constancy of cerebral blood flow in both groups of infants over a period during which arterial blood pressure and presumably also cerebral perfusion pressure is rising ( Table 2 )" suggests that autoregulation was intact at least for most of the infants studied.
The anterior and middle cerebral arteries between them supply blood to a large proportion of the brain and so velocities in these two arteries may be assumed to be representative of the velocities in all major cerebral arteries. As blood flow is the product of velocity and cross-sectional area the likely explanation of the constant cerebral blood flow with increasing velocities is that the major arteries have altered calibre, being dilated at birth but progressively constricting over the next 48 hours. The ratio between flow and mean cerebral artery velocity provides a measure of cerebral artery area, which may be seen to decrease over time (Fig. 3) .
Physiological studies of the cerebral circulation in mature animals may provide an explanation for these findings. By measuring pressure gradients across various segments of the cerebral arterial system during hypo-and hypertension, several workers have shown that the major cerebral arteries are responsible for a large part of cerebral autoregulation, while 'chemical' control of cerebral perfusion showing that preterm infants were significantly more cerebrally vasodilated than term infants at all ages but that they became more vasoconstricted with age (significant from 24 hours of age).
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operates more peripherally.5-8 Arterial blood pressure is low at birth and progressively increased in both preterm (Table 2 ) and term infants." We may postulate that the progressive reduction in arterial calibre may be part of the autoregulatory response to these perfusion pressure changes. Histological examination of the cerebral arteries show that they have an ample muscle layer to accomplish the calibre change that we have described, but whether the mechanism of the change is humoral, neurologic, or myogenic remains speculative. Cerebral artery velocities were higher in the term infants, while apparent cerebral blood flow was similar in both groups. The ratio between flow and velocity-that is, cerebral vessel area-shows not only a progressive reduction in calibre with time but also a markedly increased vessel calibre per unit brain weight in the preterm infants (Fig. 3) . This is to be expected as arterial blood pressure is higher in term than in preterm infants, while perfusion per unit brain mass is similar.
Volpe and his group have advanced the hypothesis that periventricular haemorrhage occurs with transient surges in blood pressure and have shown that an unstable pattern of blood pressure is characteristic of infants with respiratory disease, particularly those who do not synchronise with their ventilators.'4 I5 These surges are more likely to be transmitted to the delicate capillary beds as the degree of dilatation of the large cerebral arteries becomes greater. In other words, the risk is greater the more preterm and the younger the infant. This is in accord with observed fact. ' Thus the susceptibility of these infants to haemorrhage may be not so much due to afailure of autoregulation, as has been widely suggested, but rather a consequence of the mechanism by which autoregulation is achieved. Similarly, the very preterm and the very young infant with maximal cerebral vasodilatation might be at or to the left of the autoregulatory portion of the preterm pressure/cerebral blood flow curve and thus be simultaneously at high risk of cerebral ischaemia as well as haemorrhage.
These observations may also have therapeutic implications. If the cause of cerebral arterial vasodilatation is hypotension then methods of supporting the circulation during the early hours of life may be effective in lowering the risk not only of cerebral ischaemia but also of haemorrhage. The ready improvement in peripheral perfusion and arterial blood pressure attendant on colloid infusion in many sick preterm infants suggests that their relative hypotension is secondary to hypovolaemia. The report of a reduced incidence of periventricular haemorrhage after routine administration of plasma to preterm infants'" is of interest in this respect. 
